Key indicators: single-crystal X-ray study; T = 91 K; mean (C-C) = 0.006 Å; R factor = 0.045; wR factor = 0.130; data-to-parameter ratio = 9.6.
In the title compound, [Co(C 13 H 9 )(C 28 H 20 )], the Co atom is sandwiched between cyclopentadienyl and cyclobutadienyl rings that are inclined at a dihedral angle of 2.6 (3) . The four phenyl rings are tilted with respect to the cyclobutadienyl plane so that the C 4 Ph 4 unit constitutes a four-bladed propeller. The phenyl ring of the phenyl-alkyne substituent is inclined to the cyclopentadienyl ring at an angle of 34.92 (18) . The crystal structure is stabilized solely by C-HÁ Á Á interactions which generate a three-dimensional network.
Related literature
For the synthesis, see: Stephens & Castro (1963) . For related structures, see: Classen et al. (2002) ; Cuffe et al. (2005) ; Kjaergaard et al. (2008) ; Zora et al. (2006) . For recent applications of [Co( 4 -C 4 Ph 4 )( 5 -C 5 H 4 R)] compounds, see: O' Donohue et al. (2011a,b) ; Nguyen et al. (2008) .
Experimental
Crystal data [Co(C 13 
Data collection
Bruker APEXII CCD area-detector diffractometer Absorption correction: multi-scan (SADABS; Bruker, 2006) T min = 0.829, T max = 1.000 25140 measured reflections 3651 independent reflections 3130 reflections with I > 2(I) R int = 0.050 max = 22.6 Refinement R[F 2 > 2(F 2 )] = 0.045 wR(F 2 ) = 0.130 S = 1.06 3651 reflections 379 parameters H-atom parameters constrained Á max = 1.05 e Å À3 Á min = À0.48 e Å À3 Table 1 Hydrogen-bond geometry (Å , ).
Cg1 and Cg2 are the centroids of the C11-C16 and C17-C22 phenyl rings, respectively. Symmetry codes: (i) x; Ày À 1 2 ; z À 3 2 ; (ii) x; Ày À 1 2 ; z À 1 2 ; (iii) Àx þ 1; Ày þ 1; Àz þ 1.
D-HÁ
Data collection: APEX2 (Bruker, 2006); cell refinement: APEX2 and SAINT (Bruker, 2006) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) and TITAN (Hunter & Simpson, 1999) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) and TITAN; molecular graphics: ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: SHELXL97, enCIFer (Allen et al., 2004), PLATON (Spek, 2009) and publCIF (Westrip, 2010) . tion, comparison with its isoelectronic ferrocene cousin reveals relatively few crystallographically characterized examples.
Alkyne derivatives in particular are limited to five structures (Classen et al., 2002) . We present here data for the archetypal derivative [Co(η 4 -C 4 Ph 4 )(η 5 -C 5 H 4 -C≡ C-Aryl)], Aryl = phenyl.
Bond lengths and angles within the [Co(η 4 -C 4 Ph 4 )(η 5 -C 5 H 4 -} fragment are close to those reported in other examples (Classen et al., 2002; Kjaergaard et al., 2008; O'Donohue et al., 2011a,b) . The distances between the cyclopentadienyl (Cp) and cyclobutadienyl (Cb) rings and the cobalt atom are 1.6759 (17) Å and 1.6990 (17) Å respectively and the angle between these planes is 2.6 (3)°. The four phenyl rings are tilted in an alternating 20.1/41.9/25.0/46.0° pattern with respect to the Cb plane so that the C 4 Ph 4 unit constitutes a four-bladed propeller. The C≡C length of 1.207 (6) Å is similar to those observed for [Co(η 4 -C 4 Ph 4 )(η 5 -C 5 H 4 -] butadiynes (Classen et al., 2002) but is slightly longer than its ferrocenyl analogue Fc-C≡ C-Ph, 1.192 (3) (Zora et al., 2006) and other simple ferrocenyl ethynylaryl compounds (Cuffe et al., 2005) . The alkyne phenyl group is tilted 34.92 (18)° with respect to the Cp plane in marked contrast to the angle of 89.06 (13)° observed for Fc-C≡C-phenyl (Zora et al., 2006) .
In the crystal structure C-H···π interactions (Table 1) involving contacts from the C29···C33 Cp ring to Cg1, the centroid of the C11···C16 ring, and the C11···C16 phenyl ring to Cg2, the centroid of the C17···C22 ring, link the molecules into chains along the c axis ( Fig. 2 ). An additional C28-H28···Cg2 contact generates a three-dimensional network structure ( Fig. 3 ).
Experimental
The title compound was prepared by the Castro-Stephens coupling (Stephens & Castro, 1963) of [Co(η 4 -C 4 Ph 4 )(η 5 -C 5 H 4 -C≡C-H)] and an equimolar amount of iodobenzene by stirring with 2.5 mol% CuI in N 2 degassed triethylamine for 16 hrs. Solvent was removed under vacuum and the residue chromatographed on silica with a CH 2 Cl 2 eluent. X-ray quality crystals were grown from CH 2 Cl 2 layered with hexane.
Refinement
All H-atoms were geometrically positioned, and refined using a riding model with d(C-H) = 0.95 Å, U iso =1.2U eq (C). supplementary materials sup-10 
Special details
Experimental. IR ν/cm -1 ν(C≡C) 2214 (ATR). 1 H NMR (CDCl 3 ): δ 7.5 (8H, m, Cb-o-Ph), 7.42 (2H, m, C 2 -m-Ph), 7.27 (1H, m, C 2 -p- Ph), 7.2 (12H, m, Cb-m/p-Ph), 7.14 (2H, m, C 2 -o-Ph), 4.82 (2H, t, α-Cp), 4.65 (2H, t, β-Cp). 13 C NMR (CDCl 3 ): δ 135.6 (Cb-ipso-Ph), 131.4 (C 2 -o-Ph), 128.9 (C 2 -m-Ph & Cb-o-Ph), 128.1 (Cb-m-Ph), 127.6 (C 2 -p-Ph), 126.4 (Cb-p-Ph), 123.7 (C 2 -ipso-Ph),
